Abstract: Discontent with the current definition of metropolitan areas and the lack of differentiation within nonmetropolitan territory provided the incentive for the research presented here. Census tracts rather than counties were used as the building blocks for assignment of tracts, not just to metropolitan areas, but also to larger towns (10,000 to 49,999) and to smaller urban places (2,500 to 9,999). The analysis used 1990 census-defined urbanized areas and tract-to-tract commuter flows. Results include a modest shift of population from metropolitan to nonmetropolitan, as well as a significant reduction in the areal size of metropolitan areas, disaggregation of many areas, and frequent reconfiguration to a more realistic settlement form.
for the purpose of capturing urbanization beyond incorporated boundaries, are delimited at a fairly detailed scale and therefore are reasonably consistent, metropolitan areas are widely recognized as far from consistent in meaning or adequate in definition. Much of the problem can be traced to the use of counties as building blocks (as counties are highly variable in geographic size, population, and density) and to the political boundaries of counties (and of their central cities), which often are highly skewed to the natural evolution of urban settlement.
With the partial exception of distinguishing between CMSAs (Consolidated Metropolitan Statistical Areas) and PMSAs (Primary Metropolitan Statistical Areas), and a seldom-used four-level (A through D) classification based on population size, the scheme of metropolitan areas fails to capture the idea of hierarchy or any gradation from national to regional to local metropolises. Again because of the crudeness of counties, the system of metropolitan areas is unable to recognize a different form of hierarchy-urban places and smaller metropolitan areas that are partially autonomous and partially dependent on larger metropolitan cores.
The nonmetropolitan residual of the population, still 23% and growing absolutely, remains undifferentiated, but county-level coding schemes have been implemented by the Economic Research Service (ERS) in the U.S. Department of Agriculture (Butler and Beale, 1994; Ghelfi and Parker, 1997) . These schemes recognize that some nonmetropolitan areas are close to and very affected by adjoining metropolitan areas, whereas other areas have sizable urban places and large areas of influence but are not quite of metropolitan status, whereas yet other areas are truly remote and rural. The existing distinction of metropolitan and nonmetropolitan then fails to recognize the major role of hundreds of smaller urban places-centers with hinterlands, similar to metropolitan areas, and usually smaller in total population than official metropolitan areas. Again, the use of counties makes it difficult to define influence areas, especially of smaller urban places.
What is needed to describe the United States settlement system adequately? A reasonable depiction of the settlement system must (1) accurately represent the structure of cores of activity and their fields or peripheries of influence; (2) exhaust the territory of the country to the extent that there are centers and hinterlands; and (3) appreciate the complexity of hierarchical relations, or patterns of split or shared influence. To accomplish this, it is essential to utilize as building blocks units appropriate to commuting and related processes that define the interdependencies of the settlement system. It is further essential to recognize the full spectrum of centers of activity, if necessary even below the level of the smallest urban place. And it is necessary to utilize information that permits a reasonably accurate depiction of patterns of relations among centers and between centers and hinterlands.
PURPOSE
This paper reports on a project committed to these aims. It endeavors to define, so far as data permit, the entire structure of metropolitan and nonmetropolitan urban cores and their rural hinterlands, for all urban places that act as centers of activity and of commuting. It specifically recognizes patterns of mixed and of hierarchical influence. The study utilizes the census tract (and, as a supplement, the ZIP code approximation) as the best available building blocks to define our statistical areas. ZIP codes have the virtues of greater familiarity, data availability (e.g., health and economic data), and more frequent updates than census tracts, but they have the drawbacks of greater instability, and boundary ambiguity and discontiguity. Grid cells, which have theoretical appeal, are utterly beyond the current data capability of most areas (i.e., there are little data available).
This exercise defines areas on the basis of 1990 census data on the journey to work as the single most appropriate indicator of interaction and of core-periphery relations. Specifically, we use the special census CD-ROM STP 154, containing a large matrix of worktrip flows between places and among census tracts. We developed data files with residential and workplace IDs, commuter shares, and settlement classification codes for all 61,000 census tracts.
The work was inspired by earlier conferences on metropolitan concepts sponsored by the Office of Management and Budget (OMB) and the U.S. Census Bureau (Dahmann and Fitzsimmons, 1995) and especially by work done at ERS (Cromartie and Swanson, 1996) . Cromartie and Swanson mapped results for Arizona, Minnesota, and South Carolina, more or less utilizing existing criteria, but with census tracts instead of counties. A priority goal of this research was to depict more accurately the frontier zone between metropolitan and nonmetropolitan settlement, highlighting areas experiencing increasing integration (and possible clashes) of rural and urban economies. Further differentiation of nonmetropolitan territory into regions of large-town dominance, small-town dominance, and purely rural communities also was a central project goal, because the default nonmetropolitan category fails to depict the full diversity of settlement patterns found there. Use of census tracts rather than counties was viewed as necessary to meet these objectives and resulted in the unlinking of many rural census tracts from metropolitan counties.
From a public policy standpoint, the frequent use of county-based metropolitan definitions results in significant policy inequity and discontent. For example, populations who are clearly rural do not qualify for (rural) federal programs and funds because they are located in counties whose boundaries include urban areas. Likewise, some populations that can only be thought of as urban qualify for rural programs because they are located in nonmetropolitan counties, although they live on the outskirts of urban areas in adjoining metropolitan counties. Because considerable federal health care and other programs and funds often are allocated on the basis of the county-level metropolitan/nonmetropolitan dichotomy, the federal Office of Rural Health Policy and the Department of Agriculture supported this research effort.
This desire to lay out a full system of areas is also inspired by Berry's earlier studies of the "daily urban systems" (Berry, 1968) and by his later work (1973, 1995) on defining commuter sheds. Thus, we conceived of the project as delineating the continuum, the entire structure of commuter sheds from New York down to the smallest places of work, like Jordan, MT. The metropolitan-area definition has taken priority, partly for data reasons, followed by the commuter sheds of large and small urban places that, in less dense regions, take on equivalent regional functions-for example, Helena, MT.
PROBLEMS WITH THE EXISTING METROPOLITAN CRITERIA
Current criteria for delimiting metropolitan areas suffer from three severe problems: (1) inconsistency of criteria, (2) complexity and irrelevance of criteria, and (3) distorting effects of geographic aggregation into counties. One obvious problem is the inconsis-tency of treatment between New England, where minor civil divisions-towns-are the building blocks, and the rest of the country, where counties are the building blocks.
2 As a result, New England metropolitan areas are smaller and more closely depict the structure of settlement. Another, lesser problem is that politics occasionally intervene to include an area that does not meet the official criteria.
Over the years, the Census Bureau and OMB have tweaked and added to the standards for defining metropolitan areas, making them complex and unwieldy. Besides the obvious and logical criterion of commuting, the standards include what are behaviorally irrelevant rules-namely, that under certain circumstances the metropolitan area must have at least 100,000 people, that outlying counties must meet highly complex combinations of density and urbanization. These requirements are formal rather than functional. None of these rules speak to the strength of a possible relationship with a metropolitan core. The county population threshold works to exclude as metropolitan some urbanized areas such as Ithaca, NY, and Logan, UT; the density criterion excludes low-density counties that may have very high commuting and metropolitan dependence, such as counties to the west of Denver. We deliberately avoid such nonfunctional criteria in our analysis (although to be fair, we do use density and urban population to define the cores themselves!). We recognize that others disagree (e.g., Forstall, 1997, pers. comm.; Adams, 1995) .
The most serious problems are from geographic aggregation: counties often are too large to capture the detailed structure of commuting, and the arbitrary, historic placement of county boundaries often contradicts the subsequent actual settlement structure. The large geographic size of counties leads to both "overboundedness" and "underboundedness." Overbounding refers to the inclusion of large rural expanses not intimately related to a metropolitan core. Good examples are Duluth, MN, Yakima, WA, and San Bernardino, CA. The federal Office of Rural Health Policy overcame some of the more egregious county errors by identifying rural census tracts within large metropolitan counties (Goldsmith et al., 1993) , but the problem is more systemic. Large size leads to underbounding where significant local areas of suburbanization and commuting at the edge of a county may be subsumed in the larger population of the entire county, which fails to meet the urbanized area commuting or density threshold. As we shall see, at least half of current metropolitan areas are affected by overbounding, underbounding, or both simultaneously. Large size of counties also has the effect of arbitrarily combining actually independent smaller metropolitan areas. The best examples of these are in California (e.g., Riverside and Santa Barbara counties). Urbanized areas often seem to be on the edge of their "central county." As a result, part of the county may be tied more closely to a different metropolitan core. The current approach to this problem is simply to combine the areas, since technically the counties have high levels of interaction, even though the detailed data indicate that the commuter sheds are independent. This combination turns out to be a quite common problem; there are really more relatively independent metropolitan areas than are in fact recognized. Misallocation also occurs. A particularly egregious example is that Mojave County, AZ, is assigned as outlying to Las Vegas, when the actual interaction is between the towns of Bullhead City, AZ, and Laughlin, NV.
More generally, the mismatch of large counties with the underlying geography of settlement has the effect of distorting the size, shape, and location of metropolitan areas, so that we may expect a major consequence of shifting to tracts to be a "reconfiguration" of a great many areas, probably to a more theoretically satisfying form. A typical example is the official combining of Kalamazoo and Battle Creek, MI, or Winston-Salem and Greensboro, NC, which our analysis shows are effectively independent.
The problems of overbounding, underbounding, and misalignment have undesirable programmatic consequences. A strong reason for U.S. Department of Agriculture and federal Office of Rural Health Policy support for this research is a result of complaints concerning eligibility for rural programs. Clearly rural farm communities in large metropolitan counties may be ineligible for a number of rural targeted programs-for example, for rural community hospitals. Alternatively, excluded low-density counties on the metropolitan edge may be ineligible for programs aimed at alleviating metropolitan growth impacts. For all these reasons, it appears worthwhile to try to define both metropolitan and nonmetropolitan statistical areas, and to use the census tract as the appropriate building block.
Discontent with metropolitan-area definitions is hardly new. Researchers at the Bureau of Economic Analysis (BEA), interested in a system that encompassed the national territory, developed the BEA regions. Rand McNally began in the 1950s to delimit trade areas on a subcounty basis. Using 1980 Census Bureau tract data, Goldsmith and colleagues (1993) analyzed all large metropolitan counties (1,225 or more square miles) to identify the portions that were less tied to the urban centers and were more rural. The concern was that many areas within these large counties should qualify for federal programs designed to help rural populations but, because of extensive overbounding, populations remote from the urban areas did not qualify. Goldsmith and colleagues used a combination of the tract-level definitions of urbanized areas and urban places, institutional or group-quarters population counts, and work commuting information to identify the rural census tracts within the designated metropolitan counties. OMB has periodically raised concerns about definitions and, in the early 1990s, induced the Census Bureau to convene a special conference on metropolitan-area definition at which several demographers and geographers presented as many contradictory approaches (Dahmann and Fitzsimmons, 1995) .
LIMITATIONS: DATA AND SCOPE OF THE PROJECT
The data are inadequate to the tasks in two ways. First, if the aim is to uncover the structure of centers and their areas of influence, commuting is only one indicator. Work trips are a minority of all trips, and increasing numbers of persons work at home. While the majority of adults do work (over 70%), young children and retirees do not, and other activities help define patterns of interaction and allegiance-for example, shopping and entertainment, use of facilities and services, and newspapers, radio, and television. These patterns may or may not coincide with areas defined by commuting. However, consistent information on none of these other interactions exists at any level of geography to assist in defining a national system of settlement. Some local areas may well have studies of their city or community that can refine or correct the areas defined by commuting. Potentially the most consistent alternative data are for the use of health services-for example, hospital discharge data available for ZIP codes.
A different problem is that of households that have no members in the labor force, primarily the retired. These households could be a problem for analysis in specialized retirement communities, but the data suggest that there are few census tracts without meaningful commuting (even among the most rural communities), with the exception of prisons and military bases, which are, instead, the destination of commuting.
If the purpose is to define a set of commuting areas that exhausts the national territory, our results show that at the low-density extreme, we would have to recognize scores of remote and tiny areas, often single tracts with only a few hundred persons. Data other than commuting will be necessary to assign such areas to reasonable subregions.
Second, the data are inadequate because journey-to-work data are of varying quality and credibility. Reliability depends on the quality of coding for the place of work. The coding seems to be reasonably good for commuting within urbanized areas where address matching is complete. Outside metropolitan areas, data are fairly good for well-defined places, if not for specific tracts; but as we define urban clusters, variability of quality and credibility are not a problem. In New England, the data seem good. But for many rural and small-town areas, a substantial share of trips could not be allocated to a specific tract. Unfortunately, the algorithm used tended to assign such trips arbitrarily to one tract in a county-for example, the last tract with any small part of an incorporated place. For this reason, the project had to stop short of the goal of delimiting a complete system of communities, rural as well as urban. Essentially, the larger the place, the more confidence one can give to the results.
Sampling is also a problem for hundreds of very small tracts with small numbers of commuters (say under 100), given that the journey to work is already only a 15% longform question, and not all forms were processed. Of course, most of the cells in the 61,000 by 61,000 matrix are empty, but hundreds of thousands of flows under 10 are probably highly uncertain.
One more data issue is that hundreds of thousands of people nationally, according to the data, are working very long distances away from home. For example, hundreds appear to commute between Alaska or Hawaii and the mainland. While many are legitimate business travelers, they do not help in defining commuter sheds, so we deleted all flows to and from all states except neighboring ones.
An additional problem is failure to examine reverse commuting. The analysis so far has relied on calculating shares to destinations from each census tract or cluster as an origin. Since large multitract places and urbanized areas are treated as single clusters, reverse flows from such places to individual rural tracts or small clusters may be absolutely significant, rivaling local flows, but be a relatively tiny portion of the total flows from the origin cluster. We suspect this may be a problem if there are employment centers on the rural fringe that attract large numbers of reverse commuters, such as military or nuclear reservations, like Oak Ridge, TN, or Hanford, WA. Logically such tracts should be treated as part of the urbanized core, even if they have low density and lack urban population. We have done this for the cases of which we are aware.
One of the useful products of this research is the recognition of semi-autonomous urban areas and work places in the commuter zone of a metropolitan area beyond the urbanized core. It is obviously the case that there is similar differentiation within the urbanized area cores, since virtually all large urban complexes have multiple centers. We did examine internal flows in order to refine or revise the boundary between adjoining urbanized areas (e.g., Los Angeles and Riverside-San Bernardino, or Washington and Baltimore), but a wider analysis is beyond the scope of this study. However, the commuting data are ideal for the purpose. A complication in any center-hinterland delimitation is the case of multiple or split allegiances, census tracts and clusters that meet the commuting cutoff only through aggregating flows to more than one metropolitan or urban area. This is a common phenomenon, especially in parts of the country with closely spaced cities, as in Michigan, Ohio, or southern New England. We do recognize cases of multiple shares to urbanized area cores, assigning the tract to the metropolitan area with the higher share, as with the current definition. However, we have not carried this forward to combinations of flows to large-or small-town cores, or to combinations of metropolitan and urban destinations.
CODES AND DATA MANIPULATION
The analysis required consolidation and manipulation of data for the over 61,000 census tracts: identification and population of all urbanized areas and urban agglomerations, calculation of shares of commuting from every origin to every destination, and assignment of codes that would permit a flexible classification of tracts to settlement categories. Our approach to coding is to err in the direction of more codes, so as to provide maximum flexibility for the selective combination of codes that will meet varying definitional needs and preferences. The broad scheme consists of 10 classification codes (Table 1) .
Classification Codes
The 10 whole numbers in Table 1 refer to the primary or single largest commuting share. Cores are not defined by incorporated place boundaries but, in the case of metropolitan areas, are the closest tract equivalent to the urbanized area, erring in the direction of inclusion. Tracts are included if more than 20% of the tract is in the urbanized area. For smaller cities and towns, the cores similarly include tracts with over 20% of the population in places that make up the agglomeration-typically an incorporated town, often adjoining incorporated and unincorporated (census-designated) places. High commuting means that the largest commuting share was at least 30% to an urbanized-area, largetown, or small-town core. Large or small towns, as well as rural territory (and even a few urbanized areas) can have high out-commuting and be coded 2, 5, or 8; typically they are not job centers themselves but depend on this commuting to a nearby larger place. Low commuting codes-3, 6, and 9-refer to cases where the single largest flow is to a core but is less than 30%. They identify "influence areas" of metro, large-town, and smalltown cores, respectively, and are similar in concept to the "nonmetropolitan adjacent" codes found in ERS classification schemes (Butler and Beale 1994, Ghelfi and Parker 1997) . The last of the general classification codes (10) identifies rural tracts with no urban core and where the primary flow is local.
These 10 codes offer a relatively straightforward and complete delineation of metropolitan and nonmetropolitan settlement based on the size and direction of primary commuting flows. However, the settlement world is not that simple. One confounding factor is what we call "hierarchical relations" or semi-autonomous relations of a place to another place. The 10 broad classification codes are subdivided to identify areas where the primary flow is local but over 30% commute in a secondary flow to a larger area core (Table 2 ). For example, 1.1 and 2.1 codes identify urbanized areas and their outlying commuter zones where the primary flow is within or to the urbanized area, but another 30% or more commute to a larger urbanized area. The 4.1 and 5.1 codes identify large towns and their commuter zones where the primary flow is to the large town, but another 30% or more is to an urbanized area; 7.1 and 8.1 and 7.2 and 8.2 identify small towns and their commuter zones where the primary flow is to the small town but another 30% or more is to an urbanized area or large town. Similarly, 10.1, 10.2, and 10.3 identify rural tracts for which the primary commuting share is local but more than 30% also commute to a metro, large-town, or small-town core, respectively.
Influence areas for metropolitan and large-town cores extend far beyond the relatively small number identified on the basis of primary flows (codes 3 and 6). Codes 7 through 10 were subdivided to identify small-town and rural tracts with primary local flows but secondary flows of 5% to 30%, either to a metropolitan or large-town core (7.3, 7.4, 8.3, 8.4, 9 .1, 9.2, 10.4, and 10.5). These areas identify important, potentially metropolitanizing zones within current nonmetropolitan territory.
A further code was added to address a fairly common situation. Examination of states with fairly closely spaced metropolitan areas reveals examples of tracts for which no single urbanized area's commuting share exceeds 30% but for which shares to multiple metropolitan areas may be quite high; we code these 2.2.
The codes are numerous, but they permit stricter or looser delimitation of metropolitan, large-town, and small-town commuting areas. This scheme replaces the countybased, default nonmetropolitan category with a subcounty settlement system, including areas of metropolitan influence and an urban-rural hierarchy, thus providing a more exhaustive system of statistical areas for the country.
Commuting-Share Thresholds
The current Census Bureau definition uses a 15% commuting-share threshold as a lower bound for inclusion of an outlying county in a metropolitan area. Why do we use 30%? The current definition is based on county-to-county shares. Our work is based on commuting from tracts or clusters of tracts to the urbanized area. Our judgement is that places that are dominantly independent, say with 75% remaining in the place and 25% commuting to a urbanized area, will not be perceived as part of the metropolis. But the 5.0 Primary flow to a 4.0 large town 5.1 Primary flow to a 4.1 large town 6 Large-town low commuting: primary flow 5% to 30% to a place of 10,000 to 49,999 6.0 No additional code 6.1 Primary flow 25% to 30% 7 Small-town core: primary flow within a place of 2,500 to 9,999 7.0 No additional code 7.1 Secondary flow 30% to 50% to a UA 7.2 Secondary flow 30% to 50% to a large town 7.3 Secondary flow 5% to 30% to a UA 7.4 Secondary flow 5% to 30% to a large town 8 Small-town high commuting: primary flow 30% or more to a place of 2,500 to 9,999 8.0 Primary flow to a 7.0 small town 8.1 Primary flow to a 7.1 small town 8.2 Primary flow to a 7.2 small town 8.3 Primary flow to a 7.3 small town 8.4 Primary flow to a 7.4 small town 9 Small-town low commuting: primary flow 5% to 30% to a place of 2,500 to 9,999 9.0 No additional code 9.1 Secondary flow 5% to 30% to a UA 9.2 Secondary flow 5% to 30% to a large town 10 Rural areas: primary flow to a tract without a place of 2,500 or more 10.0 No additional code 10.1 Secondary flow 30% to 50% to a UA 10.2 Secondary flow 30% to 50% to a large town 10.3 Secondary flow 30% to 50% to a small town 10.4 Secondary flow 5% to 30% to a UA 10.5 Secondary flow 5% to 30% to a large town 30% value is arbitrary; OMB and the Census Bureau are currently leaning toward a single 25% threshold for their county-based approach.
The data on the CD ROM STP 154 are organized by place of work-that is, by flows to every place and tract from every place and tract, and descend to the level of every place (no matter how small) within every tract. We first rearranged the files to consist of all the records from every tract, including flows to neighboring states. The place ID codes then were attached to the origin and destination of every flow, probably some six million lines of data. We aggregated these flows to and from each rural tract to every other rural tract (some 14,000 rural tracts), between each rural tract and each urban cluster (around 3,500), and between urban clusters. Then, shares of flows from each rural tract or urban cluster to every possible destination were calculated. Additional experiments were carried out, with flows aggregated only at the work cluster end, resulting in calculated shares from every origin tract, including those in urbanized area cores. These calculations permitted analysis of the degree of interpenetration or fuzziness in the boundaries between contiguous urbanized areas.
RESULTS
The analysis of commuting patterns for the over 61,000 census tracts was complex and can be summarized in several ways: by numbers of metropolitan and urban places; by the population associated with the various codes; by comparison of tract-based metropolitan areas (defined using both a more restrictive and a less restrictive assignment of census tracts) with the current system of county-defined metropolitan areas; and by examination of several maps that illustrate the structure of United States settlement.
Numbers of Metropolitan and Urban Places
We note some summary measures of numbers of places and populations (Table 3) . These results are based on only one system of aggregating the codes.
Our procedure resulted in both more and changed metropolitan areas. We recognize a total of 397 metropolitan areas, including 11 around urbanized areas that in 1990 did not serve as metropolitan-area cores (e.g., Logan, UT, and Ithaca, NY) but excluding two areas whose urbanized area populations were under 50,000. Using census tracts results in the splitting of approximately 40 metropolitan areas, and recognition of 42 independent areas that had been combined under existing Census Bureau criteria. Eight are "dependent" because the largest commuting share is to a nearby larger metropolitan area; 27 semi-autonomous areas have 30% or more workers commuting to a nearby larger metropolitan area but a larger share commutes locally.
We identify 818 large-town clusters of between 10,000 and 49,999; note that these are not incorporated places but agglomerations of census tracts, including other adjacent towns and census designated places. Of these, 636 emerge as independent cores of commuting areas (code 4.0), whereas 98 (code 2.0) are dependent, placing them within metropolitan areas (not in the urbanized areas, but with high commuting to the urbanized area core). Another 84 (code 4.1) have a primary independent share but a secondary commuting share over 30% to the urbanized area core.
Our data also result in the identification of a large number (around 2,700) of smaller urban places from 2,500 to 9,999. Almost 1,600 of these are cores of smaller but independent commuting areas (code 7.0), whereas a fairly numerous 1,100 areas are either strongly dependent (code 2.0 or 5.0) on metropolitan or large towns, or semi-autonomous to them (codes 7.1 and 7.2). Table 4 summarizes populations by the full set of codes. The table is organized to distinguish codes unambiguously assignable to metropolitan, large-town, small-town, and rural realms, and other codes classed into sets that could be considered to be in one or another category.
Population by Codes
Metropolitan cores (codes 1.0 and 1.1) have a high share of the United States population, almost 165 million, with a fairly strictly defined commuter zone of 28 million, including almost five million in semi-autonomous large and small towns. Metropolitan influence areas contain another 10 million people.
Large-town cores (code 4.0) also are significant with 15 million, and their commuter zones have a quite substantial 9 million more people. Large-town influence areas have almost as many people as metropolitan ones, at 7.5 million.
All core and commuter-zone small-town areas add to an impressive 19.6 million, but 1.5 million are satellite to metropolitan and 330,000 to large towns, and another 9.1 million are in influence areas of metropolitan and large-town cores, leaving only 8.6 million exclusively small town. Similarly, rural areas total an impressive 16.1 million, but 1.8 million have over 30% commuting to metro, large-town, or small-town cores, and 8.4 million are in influence areas of metropolitan and large-town areas, leaving only 5.9 million as strictly isolated rural. It is essential to recognize the large size of this ambiguously classed population. Depending on definitions used, the rural and small-town population would vary from a low of 14.5 million (5% of the population) to a high of 32 million (13%), and the total nonmetropolitan population from a low of 45 million (18%) to a high of 56 million (23%). 
Comparison of Tract-Based and County-Based Metropolitan Areas
We compare the areas with respect to five dimensions: (1) areas recognized and not recognized as metropolitan, (2) general differences in population, (3) census-tract-based areas that are larger in population (underbounded), (4) census-tract-based areas that are smaller in population (overbounded), and (5) combination or separation (dependence or independence) of areas.
Use of census tracts changes the size and appearance of the majority of areas, many quite dramatically; there are broadly similar numbers of unchanged, overbounded, underbounded, and reconfigured areas, and many combine these changes. Despite the large number of underboundings, overbounding is far more important, shifting almost three times as many people. The changed areas are in no way more common in the West, where counties are larger, but occur in all regions. Reconfiguration is common because many urbanized areas are on the edge of their central counties; use of tracts results in a more compact, often circular shape.
Areas recognized and not recognized as metropolitan. As a result of using census tract definitions, two areas recognized by OMB-Enid, OK, and Jamestown, NY-do not qualify if we adhere to the 50,000 urban agglomeration requirement. Eleven areas not recognized by the official criteria on the basis of 1990 data in our view should have been because the urbanized areas are over 50,000, are important commuting centers in their states, and are larger than many recognized metropolitan areas; six of these areas subsequently gained metropolitan status because of post-1990 growth.
General differences in population. Rearranging the codes permits stricter or looser comparisons with current, county-based metropolitan areas. Using our more conservative coding, usually requiring 30% or larger commuting shares for inclusion in a metropolitan area, results in a shift of 5.2 million from metropolitan to nonmetropolitan (Table 5) . The metropolitan population drops only 2.6% from 197.8 to 192.6 million, but the nonmetropolitan population rises 10% from 50.9 to 56.1 million. This net shift is a consequence of a tract-based approach shifting 3.9 million from nonmetropolitan to metropolitan and 9.1 million from metropolitan to nonmetropolitan. The 3.9 million derives from our recognizing additional areas of spillover commuting into dozens of nonmetropolitan counties, whereas the 9.1 million represents the micropolitan, small-town, and rural parts of metropolitan counties. This phenomenon occurs in all regions of the country, not just the West.
Our census-tract coding procedures also distinguish large-town, small-town, and residual rural territory. The 56 million nonmetropolitan population (23%) is further divided into 24 million (10%) for large-town regions (the Census Bureau's proposed micropolitan areas), almost 18 million (7%) for small-town commuting areas, and a still significant 14.3 million (6%) in the remaining rural territory.
Our coding also identifies tracts with between 5 and 30% shares to both metropolitan and large-town cores. If these areas were considered metropolitan, that population would be almost 5 million more than by the current definition, or 202.7 million, and over 10 million more than under a more restrictive approach. The nonmetropolitan population would drop to 46 million, and, of this, the large-town portion, after including their influence areas, would rise to 31.5 million, whereas the small-town population would fall to 8.6 million and the remaining rural areas to only 5.9 million. Underbounded areas. About one-fifth of the metropolitan areas, as we define them, are underbounded. These areas are larger in population and often territory because of spillover into adjoining low-density counties, often going beyond tight single-county confines. In many instances, the spillover is into counties that currently define neighboring metropolitan areas. Thus, for example, San Francisco takes part of San Joaquin and Santa Rosa; Los Angeles takes part of Kern, Ventura, San Bernardino, and Riverside counties; El Paso takes part of Las Cruces; Wilmington takes part of Philadelphia; Roanoke takes part of Lynchburg. Many of these areas are larger because of spillover into adjoining counties, or because the counties were not recognized by current criteria-for example, Denver, CO; Gainesville, FL; Albany, GA; Topeka, KS; Bangor, ME; Rochester, MN; Columbia, SC; Charlottesville and Richmond-Petersburg, VA; Charleston, WV.
Overbounded areas. Two thirds of areas are smaller in population and area when delimited by tracts. The largest metropolitan areas (over a million) and some very small metropolitan areas in states with large counties are somewhat more likely to be overbounded. Areas with more than 50,000 fewer people (or with a high proportional reduction) include Johnson-City-Kingsport-Bristol, TN-VA; Atlanta, GA; New Orleans, LA; Barnstable-Yarmouth, MA; Detroit, MI; Minneapolis, MN-WI; Atlantic City, NJ; Albany, Rochester, and Utica-Rome, NY; Charlotte, NC-SC; Rocky Mount, NC; Johnstown, Lancaster, Sharon, and York, PA; and Lafayette, LA.
Surprisingly common are areas where the official metropolitan areas include counties with independent urban places, according to census-tract analysis. Included are several areas in which the urban place is actually part of the defined name of the area, and sometimes the main areas would not have qualified without the added population. Examples of the latter situation include Fayetteville-Bentonville, AR; Visalia-Tulare-Porterville, CA; Clarksville-Hopkinsville, TN-KY; Hickory-Morganton, NC; Harrisburg-Lebanon-Carlisle and Scranton-Wilkes Barre-Hazleton, PA; and Longview-Marshall and Austin-San Marcos, TX.
Combinations or separations. Especially after 1990, a large number of multi-place metropolitan areas were defined, presumably because of high levels of commuting interaction among the components. Since we began with urbanized areas as the basis for allocation, we were able to evaluate the dependence or independence of their components. Our analysis revealed that there are certainly smaller dependent urbanized areas, often in a county with a larger metropolitan core, and which are tightly tied to that core. But there are even more consolidated metropolitan areas for which the urbanized areas are really quite independent. These areas have interaction below 25%, indicating that the reason for consolidation was not interdependence but the fact that counties could not demarcate their respective commuting zones. We found that 27 areas are semi-autonomous but fairly strongly tied to a larger urbanized area, such as Aurora, Elgin, and Joliet, IL, with respect to Chicago. We found that 44 additional areas are relatively independent-with under 25% commuting to the larger urbanized area-such as Annapolis, MD, or Anderson, IN, or simply did not comprise a united labor shed-for example, Kalamazoo-Battle Creek, MI, or Greenville-Spartanburg-Anderson, SC.
Map Analysis
We now look in some detail at four states and two metropolitan areas for examples of overbounding, underbounding, and reconfiguration. The existing metropolitan county boundaries are mapped so that the differences are readily apparent. From a settlement theory point of view, the most interesting features are the prominence of belts and clusters of metropolitan and urban development, and the prevalence of "stellate" rather than "square" patterns of settlement at the more detailed geographic scale of resolution.
Colorado illustrates overbounding, underbounding, and reconfiguration (Fig. 1) . Grand Junction and Pueblo are examples of areas where the commuting shed coincides with the county-defined definition, and Boulder-Longmont is close to the definition-just a bit of the area is more related to Denver. Colorado Springs is an example of underbounding, as it extends into Teller County, which is not officially of metropolitan character. Fort Collins and Greeley are cases of overbounded areas, with Greeley being a fairly extreme example. Finally, Denver was reconfigured, as it is overbounded in one county, and underbounded because of its actual extension into five more counties. Denver is a nice example of the inconsistency of the existing criteria, as a census-tract-based area would be much more realistic.
Iowa is an intriguing example, where all but one metropolitan area are fairly dramatically changed and improved through the use of census tracts (Fig. 2) . Davenport is unchanged, but many others-Sioux City, Omaha, Des Moines, Waterloo, Cedar Rapids, and Iowa City-are all cases of underbounded areas, sometimes significantly. Yet three of the areas-Omaha, Sioux City, and Dubuque-also have overbounded home counties. South Carolina has examples of over-and underbounded areas, good correspondence to counties, and reconfiguration (Fig. 3) . Sumter essentially fits the county definition; Augusta (GA) is somewhat overbounded but extends to McCormick County; Columbia and Florence are both underbounded. The majority of metropolitan areas are reconfigured: Anderson-Greenville-Spartanburg is disaggregated and altered; Myrtle Beach, which occupies only a small part of its home county, Horry, extends well into Georgetown County; Charleston similarly becomes more regular.
Indiana is used as an example of delineating areas with and without influence-zone codings. Figure 4 shows examples of metropolitan-area underbounding, overbounding, and reconfiguration; the prevalence of semi-autonomous large and small-town satellite places; and also many cases of multiple metropolitan destinations, such as between Indianapolis and Kokomo. The small-town and rural-influence zones are especially prominent around Fort Wayne, Bloomington, and Terre Haute. Figure 5 of large-town areas (and their influence areas) shows their significant role in belts that complement metropolitan Indiana. A map of just the small towns and rural areas would indicate that even if we add together the metropolitan and large-town areas, quite a lot of territory remains in five or so subregions of the state.
Two additional metropolitan-region maps provide more detail: the Richmond-Petersburg-Charlottesville, VA, area (Fig. 6) illustrates the metropolitan cores and commuting zones, the semi-autonomous urbanized areas (Petersburg), a semi-autonomous urban place, and the rural semi-autonomous tracts that have the effect of merging the metropolitan areas.
The map of the Grand Rapids-Muskegon-Holland, MI, area shows underbounding (north and east), overbounding (south), disaggregation into three areas instead of one, and the presence of semi-autonomous urban places (Fig. 7) .
Creating an Exhaustive System of Statistical Areas
A critique of the current metropolitan and nonmetropolitan distinction is that it is not an exhaustive classification system of areas and is not based on a comparable concept throughout the country. A specific purpose of our research has been to delimit the entire system of commuting areas-those of small towns as well as large towns and metropolitan areas.
Our somewhat restrictive commuter threshold basis defines areas that cover most of the population but leaves a substantial 14 million in rural territory. The alternative of including influence zones down to 5% for metropolitan areas and larger towns also leaves the same substantial population of 14.5 million. Our work suggests that trying to force all the rural and small-town territory into metropolitan and large-town regions, even if rural portions are distinguished, is unrealistic and would create some indefensible configurations. Some towns of 5,000 in sparsely settled areas may be as important as central places as towns five times as large in dense urban regions. In the case of Indiana, not many-but several-places under 10,000 seem necessary to adequately divide the whole state.
Montana (Fig. 8) well illustrates the necessity to go below the 10,000 threshold in some sparsely settled areas. For example, the eastern third of the state, a huge area, has no place with as many as 10,000 people. In no way could the area be reasonably assigned to 746 MORRILL ET AL. Billings or Havre or places out of state. But there are logical subregions, probably five or six for this part of eastern Montana, that would make sense and avoid defining too many areas. Despite the emphasis on commuting in this research, it became obvious that many rural areas have relatively low levels of commuting and that other data, especially local knowledge, will be necessary to define reasonable statistical areas. For example, in Montana there are strong intertown and intercounty sports programs, which create a sense of region.
An obvious problem with using census tracts is that most people do not know of their existence. Furthermore, except in sophisticated regions, intercensal data on tracts are limited. However, this situation will improve over the course of the decade. We have found from experimenting in a few states that ZIP code equivalents to a census-tract-based delineation will be fairly easy to determine. So even if areas were defined on the basis of tracts, ZIP code equivalent areas could provide updated data on health, economic change, and other characteristics.
CONCLUSIONS
A census-tract approach does appear to be a reasonable basis not only for radically improving the definition of metropolitan areas but also for designating comparable largetown (micropolitan) and small-town regions, where appropriate. This research has examined what metropolitan areas would look like if (1) census tracts rather than counties were the building blocks and (2) commuting shares were the only criterion for assessing interdependence. Overall, the area and population of tract-based metropolitan areas are smaller, but there are many specific areas that are larger in population and area than under the county definition. The most important differences, not surprisingly, are the more precise geographic delimitation and a tendency to separate areas combined under county definitions. The tract-based areas succeed in identifying most of the independent rural areas that currently fall within metropolitan territory and include as metropolitan those small parts of mainly independent rural counties that really are highly connected to metropolitan cores. These benefits justify the exercise and consideration of the wider use of such areas. Other benefits include a larger, more realistic measure of the nonmetropolitan population and an ability to adjust the definition depending on the purpose.
As with any classification scheme, cutoffs must be imposed, and ours may be seen as arbitrary. Thus we intentionally use coding that permits different cutoff levels for commuting, such as 25% versus 30%, and for inclusion or exclusion of "independent but hierarchically related" urban places. We are unable to recommend which cutoff is best but rather recognize that additional research is needed to look at characteristics in and out of the defined areas under differing criteria.
Our definition of "metropolitanness" of outlying areas rests on "reasonably high" degrees of work dependence on an urban-core labor market. We strongly believe that low density does not preclude such dependence, and that proximity does not necessarily indicate dependence, but rather suggest that two main areas of uncertainty are the appropriate, most meaningful cutoffs and the role of partly independent, partly dependent satellite urban places. In sum, a census-tract basis for defining commuting areas is useful, as it permits adjustment of areas for varying uses, whether related more to functional employment relationships or to classification based on the position of places on the rural-urban continuum. Furthermore, it provides state and federal legislation and regulations with the freedom to more accurately target programs for maximum effectiveness. 
